The comparative ecology of two canyons and an upland area in west central Oklahoma / by Welbourne, Frank Fitzhugh,
This d issertation has been 62—3798 
m icrofilm ed exactly as received
WELBOURNE, Jr ., Frank Fitzhugh, 1934—
THE COMPARATIVE ECOLOGY OF TWO CANYONS 
AND AN UPLAND AREA IN WEST CENTRAL 
OKLAHOMA.
The U niversity of Oklahoma, Ph.D ., 1962 
Botany
University Microfilms, Inc., Ann Arbor, Michigan
THE UNIVERSITY OF OKLAHOMA 
GRADUATE COLLEGE
THE COMPARATIVE ECOLOGY OF TWO CANYONS AND AN UPLAND AREA
IN WEST CENTRAL OKLAHOMA
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
i n  p a r t i a l  f u l f i l l m e n t  o f  the  r e q u i r e m e n ts  f o r  the
d egree  o f  
DOCTOR OF PHILOSOPHY
BY
FRANK FITZHUGH WELBOURNE, JR. 
Norman, Oklahoma 
1962
THE COMPARATIVE ECOLOGY OF TWO CANYONS AND AN UPLAND AREA




The a u th o r  wishes  t o  thank  th e  M e th o d is t  Board of  
E d u ca t io n  f o r  p e r m i t t i n g  th e  use  o f  D ev i ls  Canyon as a s tu d y  
a r e a  and to  Lex Hedgecock o f  H in to n ,  Oklahoma f o r  o b t a i n i n g  
th e  a e r i a l  pho tographs  used  in  t h i s  d i s s e r t a t i o n .  P a r t i c u l a r  
g r a t i t u d e  i s  e x p re s s e d  to  P r o f e s s o r  E, L. Rice o f  the  
U n i v e r s i t y  o f  Oklahoma Department o f  Botany and M ic rob io log y  




LIST OF TABLES ......................................................................................... v
LIST OF FIGURES    . v i
INTRODUCTION ............................   1
DESCRIPTION OF STUDY AREAS ............................................................. 4
MATERIALS AND METHODS ..............    . I l
RESULTS .........................................................................................................  17
DISCUSSION ..................................................................................................  32
SUMMARY .........................................................................................................  39
LITERATURE CITED ....................................................................................  42
I V
LIST OF TABLES
T ab le  Page
I .  R e s u l t s  o f  q u a n t i t a t i v e  sampling  o f  a r b o r e s c e n t
s p e c i e s  i n  th e  t h r e e  s tu d y  a r e a s  ................................. 18
11. Q u a n t i t a t i v e  a n a l y s i s  o f  th e  sh rubs  and woody
v in e s  i n  th e  t h r e e  s tu d y  a r e a s  .....................................  21
111. R e s u l t s  o f  sam pling  o f  he rb aceou s  v e g e t a t i o n  i n
th e  t h r e e  s tu d y  a r e a s    . . . . 22
IV. R e s u l t s  o f  s o i l  a n a l y s e s  i n  D ev i l s  Canyon,
Howerton Canyon, and th e  u p lan d  around D ev i ls  
Canyon .............................................................................................  24
V. R e s u l t s  o f  m i c r o c l i m a t i c  measurements  i n  th e
t h r e e  s tu d y  a r e a s  ...................................................................  26
VI. R e l a t i v e  r e q u i r e m e n ts  o f  the  t h r e e  predom inant
h e rb a ce o u s  s p e c i e s  f o r  n i t r o g e n ,  phosp ho rus ,  
and p o tas s iu m  .............................................................................  28
V l l .  R e l a t i v e  s o i l  m o i s tu r e  r e q u i r e m e n ts  o f  th e
he rb aceo u s  s p e c i e s  h a v in g  th e  h i g h e s t  im por tance  
p e rc e n t a g e  i n  each  a r e a  ...................................................... 30
LIST OF FIGURES
F ig u re  Page
1. A e r i a l  pho tograph  o f  s t u d y  a r e a  i n  D ev i ls
Canyon ............................................................................................  5
2. A e r i a l  photograph  o f  Howerton Canyon s tu d y
a r e a  .................................................................................................  5
3. Upland a r e a  o f  D e v i l s  Canyon ...........................................  6
4 .  V e r t i c a l  s a n d s to n e  c l i f f  o f  D ev i ls  Canyon .............  6
5. The sm a l l  s t ream  ru nn in g  th rough  D e v i l s  Canyon . 7
6. The v e g e t a t i o n  i n  D e v i l s  Canyon ....................................  7
7. The v e g e t a t i o n  i n  Howerton Canyon ................................ 8
V I
THE COMPARATIVE ECOLOGY OF TWO CANYONS AND AN UPLAND AREA
IN WEST CENTRAL OKLAHOMA
INTRODUCTION
In  r e c e n t  y e a r s  i n v e s t i g a t o r s  have become i n c r e a s ­
i n g l y  i n t e r e s t e d  i n  v?hat r e s p e c t s  l o c a l  c o n d i t i o n s  may a f f e c t  
t h e  more g e n e r a l  v e g e t a t i o n  o f  a n " a r e a .  G e n e r a l l y ,  an i n ­
v e s t i g a t o r  who u n d e r t a k e s  a s tu d y  o f  an a r e a  w i l l  su p p ly  
c l i m a t i c  d a t a  from th e  n e a r e s t  w e a th e r  bureau  s t a t i o n  w i th  
f u l l  r e a l i z a t i o n  t h a t  v a r i a t i o n s  i n  deg ree  and d i r e c t i o n  o f  
s l o p e ,  type  o f  v e g e t a t i o n ,  s o i l  c o l o r ,  and many o t h e r  f a c t o r s  
o p e r a t i n g  over  v e r y  s h o r t  d i s t a n c e s  may a l t e r  t h e s e  d a t a  
c o n s i d e r a b l y .  O ther  d e f i c i e n c i e s  o f  w e a th e r  bureau  d a t a  i n ­
c lu d e  g ro ss  g e n e r a l i z a t i o n s ,  a b s t r a c t n e s s ,  u n a v a i l a b l e  d a t a ,  
and the  f a c t  t h a t  many im p o r ta n t  a s p e c t s  o f  t h e  w e a th e r  a r e  
n o t  measured,  thus  making such d a t a  d i f f i c u l t  t o  a p p ly  to  
s p e c i f i c  s i t u a t i o n s .  An e x t e n s i v e  m ic r o c l im a te  s tu d y  was 
done by Wolfe e t  a l .  (1949) i n  Neotoma V a l l e y ,  l o c a t e d  i n  
Hocking County, Ohio. In  th e  above s tu d y  d a t a  were c o l l e c t e d
r e g a r d i n g  maximum and minimum a i r  t e m p e r a tu r e s  b e n e a th  th e  
l e a f  l i t t e r  and f i v e  f e e t  above g round ,  s o i l  t e m p e r a t u r e s ,  
p l a n t  t e m p e r a t u r e s ,  r e l a t i v e  l i g h t  i n t e n s i t i e s ,  p r e c i p i t a ­
t i o n ,  e v a p o r a t i o n ,  vapo r  p r e s s u r e ,  e t c .  O ther  i n v e s t i g a t i o n s  
in c l u d e  p r o j e c t s  conducted  by F r i t t s  (1959) and Rice (1960) 
r e l a t i n g  growth and o c c u r re n c e  o f  c e r t a i n  s p e c i e s  t o  m ic ro -  
c l i m a t i c  f a c t o r s .
In  a d d i t i o n  to  m i c r o c l i m a t i c  s t u d i e s ,  i n v e s t i g a t i o n s  
c o n ce rn in g  l o c a l  edaph ic  v a r i a t i o n s  have been u s e f u l  i n  h e l p ­
ing  to  e x p l a i n  v e g e t a t i o n a l  p a t t e r n s .  B i l l i n g s  (1950) ,  
Blackman and R u t t e r  (1950) ,  Beadle (1953, 1954) ,  Walker 
(1954) ,  C oa ld rake  and Haydock (1958) ,  and White (1961) have 
p u b l i s h e d  r e s u l t s  c o n c e rn in g  v e g e t a t i o n a l  d i s t r i b u t i o n  i n  
r e l a t i o n  t o  amounts and a v a i l a b i l i t y  o f  m i n e r a l s , p a r t i c u l a r l y  
n i t r o g e n  and phosphorus .  Rice e t  a l .  (1960) i n v e s t i g a t e d  th e  
r o l e  o f  m in e r a l s  i n  s u c c e s s i o n  i n  abandoned f i e l d s  i n  O k la ­
homa. I n  a d d i t i o n  to  th e  s t u d i e s  o f  m i n e r a l s ,  o t h e r  f a c t o r s  
c o n ce rn in g  t h e  s o i l  have a l s o  been r e l a t e d  t o  p l a n t  d i s t r i b u ­
t i o n .  One s t u d y  was made by Weibank (1961) c o n c e rn in g  r o o t  
c o m p e t i t i o n  f o r  s o i l  w a te r  and n i t r o g e n  i n  Agropyron r e p e n s .
Loca l  edaph ic  v a r i a t i o n s  may be t h e  r e s u l t  o f  c l i ­
m a t ic  and t o p o g r a p h i c a l  d i f f e r e n c e s  w i t h i n  an a r e a .  R u s s e l l  
(1958) s t a t e s :  "The e f f e c t  o f  d r a in a g e  on c l a y  ty p e  and s o i l
c o l o r  can be se en  a l l  o v e r  th e  t r o p i c s  wherever  the  r a i n f a l l  
i s  h ig h  enough to  en su re  some l e a c h i n g .  Even q u i t e  sm a l l  
changes  i n  r e l i e f  a r e  enough to  g ive  the  change from th e  r e d  
s o i l s  w i t h  k a o l i n i t i c  c l a y  i n  th e  b e t t e r  d r a in e d  a r e a s  to  
t h e  b lack  s o i l  w i th  m o n t m o r i l l o n i t i c  ( c l a y )  i n  th e  l e s s  w e l l  
d r a i n e d  d e p r e s s i o n s . "  These v a r i a t i o n s  in  s o i l  c o l o r  can 
a f f e c t  l o c a l  c o n d i t i o n s  and v e g e t a t i o n  by a f f e c t i n g  s o i l  
t e m p e r a t u r e s ,  which i n  t u r n  i n f l u e n c e  the  amount of  o r g a n ic  
m a t t e r  and s o i l  m o is tu r e  r e l a t i o n s  and th e s e  a r e  i n t e r r e l a t e d  
w i t h  such  f a c t o r s  as q u a n t i t y  and a v a i l a b i l i t y  o f  m i n e r a l s ,  
t y p e s  and number o f  m ic ro o rg an ism s ,  pH, e r o s i o n ,  and l e a c h in g .
One o b j e c t i v e  o f  t h i s  s t u d y  was to  o b t a i n  q u a n t i t a ­
t i v e  and q u a l i t a t i v e  i n f o r m a t i o n  r e g a r d in g  d i f f e r e n c e s  i n  
v e g e t a t i o n ,  s o i l  f a c t o r s ,  and m ic r o c l i m a t i c  d a t a  i n  two c a n ­
yons and th e  t y p i c a l  u p lan d  savannah i n  w es t  c e n t r a l  Oklahoma. 
A no the r  o b j e c t i v e  was to  d e te rm in e  th rough  c o n t r o l l e d  e x ­
p e r im e n t s  w h e th e r  some o f  th e  e n co u n te red  d i f f e r e n c e s  might  
be o f  s i g n i f i c a n c e  i n  e x p l a i n i n g  th e  v a r i a t i o n s  i n  v e g e t a ­
t i o n a l  c o m p o s i t io n  o bse rv ed  i n  the  t h r e e  s tu d y  a r e a s .
DESCRIPTION OF STUDY AREAS
Three  a r e a s  were chosen f o r  compar ison :  two canyons ,  
d e s i g n a t e d  D e v i l s  and Howerton, and the  up land  around D ev i ls  
Canyon. These canyons r e p r e s e n t  a b ru p t  changes i n  topography  
and s u p p o r t  a v e ry  d i f f e r e n t  type  o f  v e g e t a t i o n  from th e  
su r r o u n d in g  u p lan d s  (F ig .  1 - 7 ) .  Each canyon c o n ta in s  a sm a l l  
s t r e a m  (F ig .  5) and each i s  c u t  i n  Rush S p r in gs  S a n d s to ne ,  a 
l o o s e l y  cemented r e d  s a n d s to n e  o f  Permian Age (Miser  1954) .  
They a r e  v i r t u a l l y  "U" shaped e x cep t  f o r  o c c a s i o n a l  t a l u s  
s l o p e s  caused  by s lumping o f  th e  san d s to n e  c l i f f s .  The c l i f f s  
a r e  v i r t u a l l y  b a r r e n  (F ig .  4) e x ce p t  f o r  an abundance o f  
l i c h e n s  on th e  west  w a l l s .  D e v i ls  Canyon i s  the  l a r g e r  o f  
t h e  two canyons ,  a v e r a g in g  359 f e e t  i n  w id th  w i th  v e r t i c a l  
w a l l s  a v e r a g in g  58 f e e t  i n  h e i g h t .  I t  i s  l o c a t e d  n e a r  th e  
Caddo-Canadian County l i n e  7 .5  m i le s  e a s t  o f  H in to n ,  Oklahoma 
on S t a t e  Highway 37 i n  S e c t .  18, TllNRlOW. Howerton Canyon 
a v e r a g e s  o n ly  100 f e e t  i n  w id th  and has  an a ve rag e  v e r t i c a l  
w e l l  h e i g h t  o f  37 f e e t .  I t  i s  l o c a t e d  3 .5  m i le s  w es t  o f  
H in to n  on t h e  c o n t i n u a t i o n  o f  SH 37 i n  S e c t .  18, T11NR12W.
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Fig. 1. Aerial photograph of study area in Devils Canyon. 
Scale: One inch equals 660 f t .
Fig. 2. Aerial photograph of Howerton Canyon study area. 
Scale same as above.
Fig. 3- Upland area of Devils Canyon.
Fig. 4. V ertical sandstone c l i f f  of Devils Canyon.
Portions of the west facing w all, not shown 
here, are covered by numerous lichens.
Fig. 5. The small stream running through Devils Canyon.
This stream is considerably wider than the one 
in Howerton Canyon.
Pig. 6. The vegetation in  Devils Canyon. Several large 
sugar maples and a patch of Virginia wild rye 
are to  be seen here.
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Fig. 7« The vegetation of Howerton Canyon. Shrub cover in 
th is  canyon was highest of the three study areas.
T his  p o r t i o n  o f  Oklahoma i s  c h a r a c t e r i z e d  by 28 - 30 
in c h e s  o f  an n ua l  p r e c i p i t a t i o n ,  h ig h  w inds ,  few c loudy  days ,  
and low w i n t e r  t e m p e r a tu r e s .  I t  i s  covered  f o r  th e  most p a r t  
by fo u r  d i s t i n c t  communit ies ,  t h r e e  o f  which a re  savannahs 
and the  o t h e r  a t a l l  g r a s s  p r a i r i e  (Rice and Penfound 1959).  
The t h r e e  savannah types  a r e  p o s t  oak (Quercus s t e l l a t a )* -  
b l a c k ja c k  (Q. m a r i l a n d i c a ) , b l a c k j a c k ,  and b l a c k ja c k  - red  
c e d a r  ( J u n ip e r u s  v i r g i n i a n a ) , t h e  l a s t  b e ing  th e  most com­
monly r e p r e s e n t e d  i n  t h i s  a r e a .  The p r a i r i e  i s  dominated by 
b ig  b lues tem  (Andropogon g e r a r d i ) , l i t t l e  b lues tem  (A. 
s c o p a r i u s ) , s w i t c h g r a s s  (Panicum v i r g a tu m ) , and I n d i a n  g r a s s  
( Sorghastrum n u t a n s ) . The p r a i r i e  i s  found on th e  t i g h t e r  
s o i l s  u n d e r l a i n  by s h a l e ,  whereas the  savannahs a r e  l o c a t e d  
on the  lo o se  s o i l s  d e r iv e d  from s a n d s to n e .  F o r e s t  type  
v e g e t a t i o n  i s  p r e s e n t  i n  th e  canyons and p r e s e n t s  a marked 
c o n t r a s t  t o  t h e  u p lan d  types  i n  c o m p o s i t io n ,  physiognomy, and 
a s s o c i a t e d  h e rbaceous  s p e c i e s .  Most o f  the  t r e e s  i n  t h e  c a n ­
yons a re  s l i g h t l y  t a l l e r  th a n  th e  canyon w a l l s  i n  c o n t r a s t  
t o  the  s h o r t ,  sc ru bb y  appearance  o f  th e  v e g e t a t i o n  on th e  u p ­
lan d  (F ig .  1 - 3 ) .  Some o f  th e  canyon s p e c i e s  a r e  d i s j u n c t  
o v e r  180 m ile s  from th e  e a s t .  The d i s j u n c t  s p e c i e s  a r e :
Sugar  maple (Acer saccharum) , a n i s e  r o o t  (Osmorhiza
^Nomenclature  fo l low s  W a t e r f a l l  (1960) .
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l o n g i s t y l l s  v a r ,  v i l l i c a u l i s ) , wood n e t t l e  (L a p o r te a  canaden-  
s i s ) , f i g w o r t  (S c r o p h u l a r i a  l a n c e o l a t a ) , p a n ic  g r a s s  (Panicum 
c l a n d e s t inum ) , d a i s y  f l e a b a n e  (E r ig e r o n  annuus) , and honewort  
( C r y p t o t a e n i a  c a n a d e n s i s ) .  Sears  (1932, 1933) p o s t u l a t e d  
t h a t  t h e  canyon f l o r a  i n  D ev i ls  Canyon, th e  o n ly  a r e a  i n  t h i s  
s tu d y  t o  c o n t a i n  the  d i s j u n c t  s p e c i e s ,  r e p r e s e n t s  th e  r e l i c t  
v e g e t a t i o n  o f  a mesic  f o r e s t  t h a t  e x i s t e d  th ro u g h o u t  th e  e n ­
t i r e  r e g i o n  d u r in g  a more humid p e r io d  i n  the  p a s t ,  pe rhaps  
abou t  4000 B. C. F u r t h e r  ev idence  t h a t  th e  canyons were 
p r e s e n t  and su p p o r te d  v e g e t a t i o n  i n  th e  p a s t  was o b t a i n e d  
from a p e r s o n a l  communication from U. A. I r e l a n d ,  P r o f e s s o r  
o f  Geology a t  Kansas U n i v e r s i t y ,  who found l i g n i t i z e d  f o s s i l  
wood a t  a dep th  o f  125 f e e t  i n  the  f l o o r  o f  one o f  t h e  c a n ­
yons ,  v e ry  l i k e l y  D ev i ls  Canyon. By C '̂  ̂ d a t i n g  he  d e te rm in e d  
th e  age o f  th e  p ie c e  t o  be 9000 ~ 300 y e a r s  o ld .
MATERIALS AND METHODS
V e g e t a t i o n a l  Analyses
Q u a n t i t a t i v e  samples o f  t r e e s ,  s h r u b s ,  v i n e s ,  and 
h e rb a c e o u s  s p e c i e s  were t a k e n  i n  June and J u l y  1958. The 
a r b o r e a l  v e g e t a t i o n  was sampled by means o f  the  p o i n t  c e n t e r  
q u a r t e r  method (Cottam and C u r t i s  1956) ,  and th e  number of  
s a p l i n g s  ( 1 - 3  i n .  DBH) p e r  a c r e  was o b ta in e d  by use  o f  a 
0 .0 1  a c r e  c i r c l e  c i r c u m s c r ib e d  abou t  each p o i n t .  R e l a t i v e  
d e n s i t y ,  r e l a t i v e  f r e q u e n c y ,  and r e l a t i v e  c ov er  o b t a i n e d  by 
t h i s  method were a v e rag ed  f o r  th e  c a l c u l a t i o n  o f  th e  im por­
t a n c e  p e r c e n t a g e .  F o r t y  p o i n t s  were t a k e n  i n  each o f  t h e  
two canyons and 30 p o i n t s  on th e  u p lan d .
The sh ru b s  and woody v i n e s  were sampled by means o f
t h e  l i n e  i n t e r c e p t  method d e s c r i b e d  by C a n f i e ld  (1941) .
S i x t y  l i n e s  o f  t e n  m e te r s  l e n g t h  were u se d  i n  each a r e a  and
th e  i n t e r c e p t i o n s  measured t o  t h e  n e a r e s t  m i l l i m e t e r .  An 
im p o r tan c e  p e r c e n t a g e  was c a l c u l a t e d  f o r  each  s p e c i e s  on the  
b a s i s  o f  r e l a t i v e  f r e q u e n c y  and r e l a t i v e  c o v e r  o b t a i n e d  by 
t h i s  method.
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The he rbaceo u s  v e g e t a t i o n  was sampled by means o f
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t h e  c l i p  q u a d r a t  method u s i n g  a 0 .25  ra m e ta l  frame q u a d ra t .  
T h i r t y  q u a d r a t s  were sampled i n  D ev i l s  Canyon and on th e  u p ­
l a n d ,  and 20 i n  Howerton Canyon. I n d i v i d u a l  s p e c i e s  were 
s e p a r a t e d  i n  th e  f i e l d  and oven d r i e d  f o r  48 hours  a t  95° C 
p r i o r  t o  w e igh ing .  The im p o r tan ce  p e rc e n t a g e  was c a l c u l a t e d  
by a v e r a g in g  r e l a t i v e  f r e q u e n c y  and r e l a t i v e  d ry  w e igh t  
( r e l a t i v e  co v e r )  f o r  each s p e c i e s .
S o i l  S tu d ie s
For  su b seq u e n t  a n a l y s e s  o f  o r g a n ic  c a rb o n ,  m in e r a l  
c o n t e n t ,  pH, and s o i l  t e x t u r e  tw e lve  samples were o b t a in e d  
from each a r e a .  S ix  o f  t h e s e  were t a k e n  from th e  0 - 6 i n .  
l e v e l  and s i x  a t  t h e  18 - 24 i n .  l e v e l .  S o i l  samples were 
a i r  d r i e d ,  c l e a r e d  o f  ro ck s  and p i e c e s  o f  undecayed o rg a n ic  
m a t t e r ,  and ground w i th  a m o r ta r  and p e s t l e  s u f f i c i e n t l y  to  
pa ss  th rou g h  a 2 mm s i e v e .  A p o r t i o n  o f  each sample was 
weighed b e f o r e  and a f t e r  oven d ry in g  t o  o b t a i n  t h e  amount o f  
m o is tu r e  i n  th e  a i r  d r i e d  s o i l .  A l l  a n a ly s e s  were made w i th  
a i r  d ry  s o i l  bu t  a l l  c a l c u l a t i o n s  were based on t h e  oven d ry  
w e ig h ts  o f  t h e  sam ples .  Except  f o r  ab o u t  60 g r e q u i r e d  f o r  
pH and t e x t u r a l  a n a l y s e s ,  th e  samples  were p u l v e r i z e d  i n  a 
hammer m i l l  c o n t a i n i n g  a  0 . 5  mm s i e v e .  D u p l i c a te  samples
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were ru n  i n  a l l  o f  t h e  d e t e r m i n a t i o n s .
S o i l  samples f o r  s o i l  m o is tu r e  d e t e r m i n a t i o n s  were 
c o l l e c t e d  from the  0 - 6  i n .  and 12 - 18 i n .  l e v e l s  a t  t e n  
p o i n t s  i n  each a r e a  i n  J u l y  and August .  The samples were oven 
d r i e d  f o r  48 h ours  a t  105° C and th e  p e rc e n ta g e  o f  s o i l  m o is ­
t u r e  based on the  oven d ry  w e ig h t  o f  th e  s o i l  was c a l c u l a t e d .
For  d e te rm in in g  s o i l  r e a c t i o n  a s u s p e n s io n  o f  10 g 
o f  s o i l  and 50 ml o f  a e r a t e d  d i s t i l l e d  w a te r  was p re p a re d  and 
th e  pH r e a d  d i r e c t l y  by means o f  a Beckman pH m e te r .  S o i l  
t e x t u r e  was d e te rm ined  by th e  method o f  Bouyoucous (1936) ,  
o r g a n ic  carbon  by a method m od if ied  s l i g h t l y  from P i p e r  
(1944) ,  t o t a l  n i t r o g e n  by th e  method o f  Noggle and Wynd 
(1941) ,  and t o t a l  phosphorus by the  method o f  S h e l to n  and 
H arper  (1941) .  S o i l  e x t r a c t i o n  f o r  the  d e t e r m i n a t i o n  o f  e x ­
ch angeab le  po tass ium  was accom pl ished  by th e  method o f  Peech 
and E n g l i s h  (1944) ,  and th e  measurement o f  exchangeab le  
po tas s iu m  was done by use  o f  a Pe rk in -E lm er  Flame Pho tom ete r ,  
Model 146. The amounts o f  a l l  e lem ents  were c a l c u l a t e d  as  
p e rc e n t a g e s  o f  th e  oven d ry  w e igh t  o f  th e  s o i l .
M ic ro c l im a te s
Four  s t a t i o n s ,  each equ ipped  w i th  w h i t e  and b lack  
atmometer cups and a maximum-minimum thermometer  l o c a t e d  f i v e
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f e e t  above ground l e v e l ,  were sp aced  a p p ro x im a te ly  e q u i d i s ­
t a n t  i n  Howerton Canyon. A r a i n  gauge was a l s o  p l a c e d  a t  
each  end of- t h e  s tu d y  a r e a  i n  t h i s  canyon. These i n s t r u m e n t s  
were checked weekly  d u r in g  th e  e i g h t  weeks compar ison  p e r i o d  
and compared w i th  f i v e  s i m i l a r  s t a t i o n s  i n  D e v i l s  Canyon and 
f i v e  on th e  u p la n d .  In  t h e s e  two a r e a s  th e  maximum and m i n i ­
mum a i r  t e m p e r a tu re s  were o b t a i n e d  from con t in u o u s  r e c o r d i n g  
the rm ographs .  R e l a t i v e  l i g h t  i n t e n s i t i e s  i n  th e  two canyons 
were compared by means o f  40 l i g h t  m ete r  r e a d in g s  t a k e n  f o u r  
f e e t  above ground l e v e l ,  from 2 :30  P.M. u n t i l  4 :29  P.M. June 
18, 1959 and 10:00 A.M. u n t i l  11:23 A.M. August 8, 1959.
P a i r s  o f  l i g h t  m e te r  r e a d in g s  were t a k e n  s i m u l t a n e o u s ly  i n  
t h e  two canyons by two p e rso n s  w i th  sy n c h ro n iz e d  w a tc h e s .
M in e ra l  N u t r i t i o n  and Water  Requirements
V i r g i n i a  w i ld  r y e  (Elymus v i r g i n i c u s ) , s p a n g le  g r a s s  
(U n io la  l a t i f o l i a ) , and s i x  weeks f e s c u e  (F e s t u c a  o c t o f l o r a ) , 
t h e  he rb a ce o u s  s p e c i e s  h a v in g  th e  h i g h e s t  im por tance  p e r ­
c e n ta g e s  i n  D e v i l s  Canyon, Howerton Canyon, and th e  u p lan d  
r e s p e c t i v e l y ,  were compared as  t o  r e l a t i v e  r e q u i r e m e n t s  f o r  
n i t r o g e n ,  phosp h o ru s ,  and p o ta s s iu m .  P l a n t s  o f  each  s p e c i e s  
were grown i n  sand  c u l t u r e  i n  f o u r  in c h  g l a z e d  p o t s  i n  com­
p l e t e  s o l u t i o n  (H o ag lan d 's  No. 1) and i n  s o l u t i o n s  c o n t a i n i n g
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o n e - t w e n t i e t h ,  o n e - f o r t i e t h ,  o r  o n e - e i g h t i e t h  as much n i t r o ­
g e n ,  o r  p h o sp h o ru s ,  o r  p o ta s s iu m ,  as was p r e s e n t  i n  t h e  com­
p l e t e  s o l u t i o n .  The pH o f  th e  s o l u t i o n s  was a d j u s t e d  t o  5 .8 .  
S ix  p o t s  o f  each  s p e c i e s  and each c o n c e n t r a t i o n  were u se d  and 
t h e  number o f  p l a n t s  p e r  po t  t h in n e d  t o  f i v e  soon a f t e r  g e r ­
m in a t io n .  T hree  months a f t e r  p l a n t i n g  th e  p l a n t s  were h a r ­
v e s t e d  and d r i e d  a t  95° C f o r  48 h o u r s ,  a f t e r  which d ry  
w e ig h ts  o f  r o o t s  and tops  were d e te rm in e d .
S o i l  m o i s tu r e  r e q u i r e m e n ts  o f  th e  t h r e e  predominant  
h e rb a c e o u s  s p e c i e s  were d e te rm in e d  by p l a c i n g  s e v e r a l  p o t s  
(Tab le  VII )  o f  each  s p e c i e s  on a 4 ,  12, and 20 day w a te r in g  
s c h e d u l e .  Each p o t  c o n ta in e d  20 i n d i v i d u a l s  o f  a g iv en  
s p e c i e s .  The s c h e d u le  was s t a r t e d  when th e  s e e d l i n g s  were 
w e l l  e s t a b l i s h e d  and th e  number o f  s u r v i v i n g  i n d i v i d u a l s  was 
d e te rm in e d  a t  t h e  end o f  t h r e e  m o n th s .
Seed G e rm in a t io n  S t u d i e s
Because o f  r e p e a t e d  d i f f i c u l t y  i n  o b t a i n i n g  s a t i s ­
f a c t o r y  g e r m i n a t i o n  o f  s p a n g le  g r a s s  se eds  s e v e r a l  a g e n ts  
were  a p p l i e d  i n  v a r y i n g  c o n c e n t r a t i o n s .  These  in c lu d e d  
s o l u t i o n s  o f  3% t h i o u r e a ,  3% and 6% e t h y l e n e  c h l o r h y d r i n ,  
g i b b e r e l l i c  a c i d  ( 4 .5  mg p e r  100 ml o f  w a t e r ) ,  and a b s o l u t e  
e t h y l  a l c o h o l .  One hundred  s e ed s  were soaked  f o r  two
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m inu te s  i n  each s o l u t i o n  and th e n  a l low ed  t o  s t a n d  i n  i t s  
v a p o rs  f o r  24 h o u r s .
RESULTS
V e g e t a t i o n a l  Analyses
The dominant a r b o r e s c e n t  s p e c i e s  (Table  I )  i n  D e v i l s  
Canyon were su g a r  maple and r e d  elm (Ulmus r u b r a ) , bo th  o f  
which had an im por tance  p e rc e n t a g e  g r e a t e r  t h a n  16. On t h i s  
b a s i s  b lac k  w a ln u t  (Jug Ians  n i g r a ) was the  on ly  s p e c i e s  t h a t  
co u ld  be c o n s id e r e d  a dominant i n  Howerton Canyon. C h e s tn u t  
oak (Q. m u e h l e n b e r g i i ) and American elm (U. a m e r ic an a ) were 
im p o r t a n t  s e co n d a ry  s p e c i e s .  The dominants on t h e  u p lan d  
were b l a c k j a c k  oak and r e d  c e d a r .  Howerton Canyon had t h e  
g r e a t e s t  d e n s i t y  o f  th e  t h r e e  a r e a s  w i th  203 t r e e s  p e r  a c r e ,  
b u t  d i d  n o t  c o n t a i n  as much b a s a l  a r e a  p e r  a c r e  as  D e v i l s  
Canyon. The u p lan d  was low es t  i n  b a s a l  a r e a  and d e n s i t y .  
Sugar maple and h a c k b e r r y  (C e l t i s  o c c i d e n t a l i s ) were  r e p r o ­
duc ing  w e l l  i n  D e v i ls  Canyon as i n d i c a t e d  by th e  number o f  
s a p l i n g s ,  whereas  r e d  elm, a codominant ,  had a  v e r y  low 
r e p r o d u c t i v e  r a t e  (Table  I ) . I n  Howerton Canyon, th e  domi­
n a n t  s p e c i e s ,  b lack  w a ln u t ,  was r e p r o d u c in g  v e r y  l i t t l e
17







































Acer  negundo 2 0 .8 1 .7 - 12 .7 0 . 3 - 4 5 .0 3 .3 - 13 .0 0 .7 - 0 .0 0 .0 -
A cer  saccharum 3 9 .8 - - 2 5 .2 - - 6 2 .5 - - 2 2 .5 - - 3 2 .5 - -
C e l t i s
o c c i d e n t a l i s 15 .3 6 . 8 0 . 3 8 .8 0 . 8 0 .0 3 7 .5 13 .3 3 .3 10.0 2 .7 1 .1 2 5 .0 10 .0 0 .0
C e r c i s
c a n a d e n s i s 0 .0 35 .5 - 0 . 0 3 .8 - 0 .0 4 0 .0 - 0 .0 11 .3 - 5 .0 4 3 .3 -
J u g l a n s  n i g r a 19 .0 2 5 .4 - 18 .0 3 2 .0 - 37 .5 36 .7 - 13 .1 17 .4 - 2 . 5 0 .0 -
J u n i p e r u s
v i r g i n i a n a 0 .0 2 3 .7 11.0 0 .0 7 .2 2 . 8 0 .0 3 3 .3 70 .0 0 .0 9 .6 36 .9 2 .5 60 .0 3 .3
Quercus
m a r i l a n d i c a - - 2 1 .5 - - 3 .8 - - 90 .0 - - 57 .4 - - 6 6 .7
Quercus
m u e h le n b e rg i i 4 . 5 2 7 .0 - 5 .8 18.2 - 12 .5 4 6 .7 - 3 .9 14 .8 - 0 .0 10.0 -
Ulmus americana 13.6 18 .6 - 2 0 .1 2 7 .3 - 2 5 .0 30 .0 - 11.0 14.2 - 0 .0 3 .0 -
Ulmus r u b r a 19 .0 18.6 - 2 9 .8 13 .5 - 4 5 .0 30 .0 - 16.9 10.2 - 2 .5 3 .0 -
00
*Square  f e e t .
**Average o f  r e l a t i v e  d e n s i t y ,  r e l a t i v e  f r e q u e n c y ,  and r e l a t i v e  b a s a l  a r e a .
Table 1. Continued.
TREES PER BASAL AREA PERCENTAGE IMPORTANCE SAPLINGS
ACRE PER ACRE FREQUENCY PERCENTAGE PER ACRE
SPECIES go go
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la n u g in o sa 3 .6 15 .2 0 . 3 0 . 9 3 . 3 0 . 0 10 .0 2 3 .3 3 .3 2 .2 6 .0 1 .0 0 . 0 10 .0 10 .0
C a ta lp a
s p e c io s a - 16 .9 - - 4 . 3 - - 2 6 .7 — - 6 .9 - - 1 3 .3 -
CeI t i s
r e t i c u l a t a - 3 .4 0 .6 - 0 .2 0 . 0 - 3 .3 3 .3 - 1 .0 1 .9 - 1 3 .3 10 .0
Gymnocladus
d io c a
0 . 8 - - - - - 6 .7 - " 0 . 1 - - 0 . 0 - -
Morus rubra 5 .5 10 .2 - 2 . 7 4 . 2 - 1 2 .5 2 0 .0 — 3 .3 5 .4 - 0 . 0 10 .0 -
Q uercus
m acrocarpa 1 .7 - - 6 . 7 - - 5 .0 - " 2 .7 - - 0 .0 - -
Q uercus
sh u m ard ii 0 . 8 - - 1 .0 - - - - - 0 . 4 - - 0 .0 - -
Q uercus
s t e l l a t a - - 1 .2 - - 1 .0 - - 10 .0 - - - - - 0 . 0
T o t a ls 144 .4 203 JO 3 4 .9 131.7 115.1 7 .6 9 9 .1 100.2 9 8 .3 7 0 .0 175.9 9 0 .0
VO
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w hereas redbud (C e rc is  c a n a d e n s i s ) and r e d  c e d a r  were r e p r o ­
d u c ing  w e l l .  On th e  u p la n d  b la c k ja c k  oak was re p ro d u c in g  
w e l l  w i th  o n ly  a low r a t e  o f  r e p r o d u c t io n  b e ing  n o ted  f o r  re d  
c e d a r .
The p redom inan t woody v in e s  (T ab le  I I )  were V i r g i n i a  
c r e e p e r  (P a r th e n o c is s u s  q u i n q u e f o l i a ) i n  D e v ils  Canyon; 
V i r g i n i a  c r e e p e r  and c a t b r i e r  (Sm ilax tam n o id es) i n  Howerton 
Canyon, and V i r g i n i a  c r e e p e r  and r e d - b e r r i e d  moonseed v in e  
(Cocculus c a r o l i n u s ) on th e  u p la n d .  The predom inant sh rub s 
i n  th e  t h r e e  a re a s  were dogwood (Com us drummondii) and c o r a l -  
b e r r y  (Sym phoricarpus o r b i c u l a t u s ) i n  D e v i ls  Canyon, c o r a l - 
b e r r y  i n  Howerton Canyon, and skunkbush ( Rhus a ro m a tic a  v a r . )  
and c o r a l b e r r y  on th e  u p la n d .  The co v e r  o f  sh rubs  and woody 
v in e s  was v e ry  low on th e  u p la n d ,  i n t e r m e d ia t e  i n  D ev ils  Can­
yon, and h i g h e s t  i n  Howerton Canyon.
V i r g i n i a  w i ld  ry e  was th e  most im p o r ta n t  h e rbaceo us  
s p e c i e s  i n  D e v i ls  Canyon (T able  I I I ) .  Spangle  g r a s s  was th e  
p redom inan t h e rb aceo u s  s p e c i e s  i n  Howerton Canyon w i th  
V i r g i n i a  w i ld  ry e  o c c u r r in g  a s  an im p o r ta n t  seco n d a ry  s p e c ie s .  
On th e  u p la n d  s i x  weeks f e s c u e  and Texas b lu e g r a s s  (Poa 
a r a c h n i f e r a ) had th e  h i g h e s t  im p o rtan ce  p e r c e n ta g e s ,  13 .7  and 
13 .1  r e s p e c t i v e l y .  T h i r t y - f o u r  h e rb a ce o u s  s p e c ie s  were 
sam pled i n  D e v i ls  Canyon and two o f  t h e s e ,  d a i s y  f le a b a n e
2 1
T ab le  I I .  Q u a n t i t a t i v e  a n a l y s i s  o f  th e  sh ru b s  and woody 






c c tj c C T)0 0 c 0 0 c
o u 0 u u 0rH 1—1. . a . . a
o œ 5 Q 5
C e la s t r u s  scandens 
C issu s  i n c i s a  
Cocculus c a r o l in u s
0 . 1  0. 0
0 . 0
0 .4
0 .6  0 .4
0 . 8
7.6
Cornus drummondii 2 .5 2 .8 - 11.5 7 .8 -
Euonymous a tro p u rp u re u s 0 .6 0 .4 - 2 .6 1.6 -
F o r e s t i e r a  pubescens 0 .0 0 .4 0 .6 0 .1 0 .9 7 .4
P a r th e n o c is s u s  q u in q u e fo l ia 4 .2 7 .0 0 .3 36.5 31.4 4 .6
Rhus a ro m a tic a  v a r . - - 2 .2 - - 4 0 .0
Rhus g la b r a - - 0 .6 - - 9 .4
Rhus r a d ic a n s 2 .3 2 .6 - 10.4 10.8 -
Sambucus c an a d en s is 0 .2 0 .1 - 1.4 0 .6 -
Sm ilax bona-nox 0 .2 0 . 1 - 1.3 0 .4 -
Sm ilax tam noides 2 .1 5 .1 - 14.0 2 0 .0 -
Sym phoricarpos o r b i c u l a t u s 1.5 3 .8 1 .4 11.4 19.7 30.2
V i t i s  spp . 2 .7 2 .3 - 10.2 6 .5 -
T o ta l s 16.4 24 .6 5 .5 100.0 100.0 100.0
Average of relative frequency and relative cover.
22
T ab le  I I I .  R e s u l ts  o f  sam pling  o f  h e rb a ce o u s  v e g e t a t i o n  i n  
th e  t h r e e  s tu d y  a r e a s .  S p ec ie s  w i th  an im p o rtan ce  p e rc e n ta g e
o f  g r e a t e r  th a n  two i n  a t l e a s t  one a re a a re  l i s t e d .






A calypha sp . 2 .3 0 .7 -
Andropogon sc o p a r iu s - - 4 .5
Aphanostephus s k i r r o b a s i s - - 4 .6
Bidens b ip in n a t a 5.6 - 0 .2
B oute lou a  g r a c i l i s - - 5 .6
Bromus p u rgans 4 .3 9 .8 -
Carex m ic ro d o n ta 4 .5 2 .7 -
E lep h an to p u s  c a r o l in i a n u s 2 .1 - -
Elymus v i l l o s u s 3 .3 - -
Elymus v i r g i n i c u s 40 .0 25.2 -
E r ig e ro n  s t r i g o s u s - - 2 .8
E quisetum  hyemale - 7.4 -
F e s tu c a  o c t o f l o r a - - 13.7
I r e s i n e  p a n ic u l a t a 3 .4 2 .0 -
L ac tu ca  c a n a d e n s is 1.3 2 .4 -
Menispermum canadense 8 .5 2 .9 -
Paspalum pubescens - - 5 .9
P la n ta g o  p u r s h i i - - 7 .2
Poa a r a c h n i f e r a - - 13.1
Polygonatum c a n a l ic u la tu m 0 .3 3 .9 -
T ovara  v i r g i n i a n a 2 .7 - -
S a n ic u la  c a n a d e n s is 3 .4 3 .8 -
U n io la  l a t i f o l i a 1 .7 33 .6 -
Average of relative frequency and relative cover.
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(E r ig e ro n  annu us) and p a n ic  g r a s s  ( Panicum c la n d e s t in u m ) 
were d i s j u n c t  s p e c i e s  which were r e c o rd e d  f o r  th e  f i r s t  tim e 
from t h i s  canyon. S ev en teen  h e rb aceo u s  s p e c ie s  were sam pled 
in  Howerton Canyon and 47 on th e  u p la n d .
S o i l  S tu d ie s
O rganic  c a rb o n ,  t o t a l  n i t r o g e n ,  and s o i l  m o is tu re  
were h i g h e s t  i n  b o th  th e  0 - 6 i n .  and 18 - 24 i n .  l e v e l s  i n  
D e v ils  Canyon, i n t e r m e d i a t e  i n  Howerton Canyon, and lo w est  
on th e  u p la n d  (T ab le  IV ). On th e  b a s i s  o f  S t u d e n t ' s  " t "
T e s t  (Snedecor 1946), th e  d i f f e r e n c e s  i n  th e  mean amounts o f  
o rg a n ic  ca rb o n  were s i g n i f i c a n t  a t  bo th  th e  0 - 6 i n .  and th e  
18 “ 24 i n .  l e v e l s  between a l l  a r e a s  e x c e p t  Howerton Canyon 
and th e  u p la n d .  The " t "  v a lu e s  f o r  th e  d i f f e r e n c e s  i n  mean 
amounts o f  n i t r o g e n  between p l o t s  were v e ry  c lo s e  to  th e  0 .0 5  
l e v e l  o f  s i g n i f i c a n c e  f o r  a l l  a r e a s  e x c e p t  Howerton Canyon 
and th e  u p la n d .  T o ta l  phosphorus was h i g h e s t  i n  th e  two 
l e v e l s  i n  D e v i ls  Canyon b u t was ab o u t  e q u a l  i n  Howerton Can­
yon and on th e  u p la n d .  The d i f f e r e n c e s  i n  th e  mean amounts 
o f  phosphorus betw een p l o t s  a t  b o th  l e v e l s  were g e n e r a l l y  
s t a t i s t i c a l l y  s i g n i f i c a n t  e x c e p t  betw een Howerton Canyon and 
th e  u p la n d .  The s o i l  t e x t u r e  a t  bo th  l e v e l s  i n  a l l  t h r e e  
a r e a s  was s i m i l a r  and would be c l a s s i f i e d  as sand  (Lyon and
T a b le  IV. R e s u l t s  o f  s o i l  a n a ly s e s  i n  D e v i ls  Canyon, Howerton Canyon, and th e  u p la n d  
a ro u n d  D e v i ls  Canyon.
% Org. 7, T o ta l 7o T o ta l 7o Exc. 7o S o i l
Area L eve l Carbon N i t ro g e n Phos . K pH M o is tu re T e x tu re
93.1% sand
0 -6  i n . 0 .9 0 0 0 .0 8 1 0 .0 1 5 0 .0 0 7 7 .0 12 .7 4.8% s i l t
D e v i ls 2.1% c la y
Canyon





s i l t
c l a y
94.1% san d
0-6  i n . 0 .6 5 4 0 .0 6 4 0 .0 1 1 0 .0 06 7 .0 7 .9 3.6% s i l t
How erton 2.4% c la y
Canyon




s i l t
.1 3.1% c l a y
92.6% san d
0 -6  i n . 0 .6 0 1 0 .0 5 7 0 .0 1 2 0 .0 0 8 6 .5 6 .0 3.3%
4.2%
s i l t
c l a y
U pland
90.3% sand
18-24 i n . 0 .236 0 .0 27 0 .0 0 8 0 .0 0 5 6 .4 7 .4 3.5%
6.2%
s i l t
c l a y
N>
25
Buckman 1948). Amounts o f  exchan geab le  p o tass iu m  were s i m i ­
l a r  in  th e  th r e e  a re a s  a l s o ,  w ith  no d i f f e r e n c e s  between 
p l o t s  be ing  s t a t i s t i c a l l y  s i g n i f i c a n t .  D i f f e re n c e s  i n  s o i l  
r e a c t i o n  were sm a ll  and were in  a range  fa v o r in g  a v a i l a b i l i t y  
o f  th e  r e q u i r e d  m in e ra ls .
M ic ro c l im a t ic  Measurements
R e la t iv e  l i g h t  i n t e n s i t i e s  were h ig h e r  i n  Howerton 
Canyon th a n  in  D ev ils  Canyon in  th e  August r e a d in g s  and v e ry  
n e a r ly  th e  same in  Ju n e . The av erag e  o f  th e  40 p o in t s  in  
June was 831 f t - c  in  D e v ils  Canyon and 841 f t - c  in  Howerton 
Canyon, and th e  August r e a d in g s  were 661 f t - c  and 995 f t - c  
r e s p e c t i v e l y .  No re a d in g s  were ta k e n  on th e  u p lan d  b u t  th e  
av erag e  would have been v e ry  n e a r ly  t h a t  o f  f u l l  s u n l i g h t ,
7200 - 8400 f t - c .
Average weekly maximum te m p e ra tu re s  were h i g h e s t  on 
th e  u p la n d ,  in te r m e d ia te  i n  Howerton Canyon, and lo w es t  i n  
D e v ils  Canyon in  a l l  e ig h t  weeks u n d e r  c o n s i d e r a t i o n  (Table
V). Average weekly minimum te m p e ra tu re s  were g e n e r a l l y  lo w est  
i n  Howerton Canyon and h i g h e s t  on th e  u p lan d  w i th  D e v i ls  
Canyon in te r m e d ia t e .  These d a ta  were n o t  as c o n s i s t e n t  as 
th e  a v e rag e  w eekly maximum te m p e ra tu re s .
Average d a i l y  e v a p o ra t io n  lo s s e s  were n o t  s ig n i f ic a n t ly
26
T ab le  V. R e s u l ts  o f  m ic r o c l im a t ic  measurements i n  th e  th r e e  
s tu d y  a re a s  d u r in g  an e ig h t  week p e r io d  i n  1958.
M ic ro c l im a t ic D e v i ls Howerton
Measurements Date Canyon Canyon Upland
J u ly 26 95 .4 98 .0 98.2
Aug. 2 92 .4 94.2 9 5 .8
Weekly Aug. 9 92 .8 95.2 98 .8
Maximum A ir Aug. 16 95 .0 98 .0 103.2
T em pera tu res Aug. 23 90 .8 92.0 97.2
°F Aug. 30 93.2 97.2 102.0
S e p t . 6 93 .0 96.0 97 .0
S e p t . 13 88.2 90.8 93.6
Avg. 92.6 95.2 98.2
J u ly 26 65 .4 64 .3 64 .4
Aug. 2 6 6 .4 66.2 6 7 .4
Weekly Aug. 9 6 8 .4 67 .1 70.4
Minimum A ir Aug. 16 66 .6 65 .9 69 .8
T em pera tu res Aug. 23 6 3 .8 6 2 .8 63 .0
Op Aug. 30 57 .8 58.0 60 .4
S ep t . 6 63 .6 6 2 .8 6 5 .8
S ep t. 13 61 .0 59 .5 62 .0
Avg. 64 .1 61 .0 6 5 .4
White Black White Black White Black
cup cup cup cup cup cup
J u ly 26 14.7  17.4 9 .9  14 .4 35 .0  38 .7
Aug. 2 7 .6  17 .8 12.6  15.7 35 .8  4 5 .8
Avg. D a i ly Aug. 9 18 .9  21 .2 15.0  18 .1 4 8 .1  62 .0
E v a p o ra t io n Aug. 16 19 .4  21 .6 19 .4  2 2 .4 50 .3  6 4 .4
ml Aug. 23 12 .3  13.7 11 .1  13 .5 30 .0  39 .4
Aug. 30 14 .5  17 .9 2 0 .1  23 .2 5 4 .4  62 .5
S e p t . 6 2 9 .1  30 .5 2 7 .0  30 .9 59 .6  78 .8
S ep t. 13 11 .3  15 .8 14 .3  15 .4 2 8 .8  4 0 .8
Avg. 16 .0  19 .5 16.2  19.2 4 2 .7  54 .0
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d i f f e r e n t  i n  th e  two canyons b u t  were t h r e e  t im es  as g r e a t  
on th e  u p lan d  (T able  V ) . Average i n s o l a t i o n  was o v e r  th r e e  
tim es as h ig h  on th e  u p lan d  as i n  th e  canyons based on com­
p a r a t i v e  e v a p o r a t io n  r a t e s  from w h ite  and b lac k  cups i n  each 
a r e a .  I t  was ab ou t th e  same i n  th e  two can yon s , however.
M in e ra l  N u t r i t i o n  and W ater Requirem ent
The r e s u l t s  o f  th e  m in e ra l  n u t r i t i o n  ex perim en t 
(T able  VI) show t h a t  s i x  weeks fe sc u e  in  low n i t r o g e n  s o l u ­
t io n s  a t t a i n e d  a l a r g e r  p e rc e n ta g e  o f  i t s  c o n t r o l  w e ig h t o f 
bo th  s h o o ts  and r o o t s  th a n  V i r g i n i a  w i ld  ry e  o r  sp a n g le  
g r a s s .  S ix  weeks f e s c u e  a l s o  had a h ig h e r  p e rc e n ta g e  o f  
t i l l e r s  th a n  th e  o t h e r  two g r a s s e s  based  on t h e i r  r e s p e c t i v e  
c o n t r o l s .  E xcep t f o r  th e  sh o o t  w e ig h t  and t i l l e r i n g  i n  th e  
N/80 s o l u t i o n s ,  sp a n g le  g r a s s  showed b e t t e r  g row th  th a n  
V i r g i n i a  w i ld  ry e  i n  th e  low n i t r o g e n  s o l u t i o n s .  These  r e ­
s u l t s  s u g g e s t  t h a t  th e  o r d e r  o f  s p e c ie s  based  on an i n c r e a s ­
ing  re q u ire m e n t  f o r  n i t r o g e n  i s  s i x  weeks f e s c u e ,  sp a n g le  
g r a s s ,  and V i r g i n i a  w i ld  r y e .
The r e s u l t s  c o n c e rn in g  phosphorus n u t r i t i o n  (T able
VI) were n o t  as c l e a r  c u t  as w i th  n i t r o g e n  b u t  sp a n g le  g r a s s  
had p o o re r  grow th o f  b o th  sh o o ts  and r o o t s  i n  a lm o s t  every  
low phosphorus s o l u t i o n  th a n  d id  V i r g i n i a  w i ld  ry e  o r  s i x
28
Table VI. R e la t iv e  requirements o f  the three  predominant 






v i r g i n i c u s
Uniola
l a t i f o l i a
Festuca
o c t o f l o r a
4O 4J 
M X! M-l 4J (30 O C -Ho W O &
I—1 *H O Vj(Uiw 4-) i-( O C rH O iH O 4J
i-Ho -u>H X! >4H 4-» 60O C -rlo (UB-2 U &
S’
O M V4 (U 
«4H 4 J  rH  O C rH
O -H O
t—1O 4J
^ x:MH 4J 60o C -H o (U u 5
crH tHO M ^ (U (4H 4J rH O C rH O -iH B-2 U 4J
Control Shoots
100.0 100.0 100.0 100.0 100.0 100.0
Roots 100.0 100.0 100.0
N/20
10.5 ppm
Shoots 35.6 4 6 .3 37 .1 26.2 39.8 56.5
Roots 4 4 .0 7 9 .1 102.0
N/40 Shoots 16 .8 30.6 18.4 8 .3 26.2 44 .5
5 .25 ppm Roots 20 .3 55.6 76.5
N/80 Shoots 11.4 18.6 10.5 4 .2 13.6 32.2
2 .62 ppm Roots 16.4 2 6 .1 39.2
P/20 Shoots 4 5 .1 4 3 .1 35.6 41 .7 4 2 .4 48 .6
1 .55 ppm Roots 44 .9 5 7 .4 68.6
P/40 Shoots 16.8 11.0 15.9 16.7 18.8 31.2
0 .7 8 ppm Roots 18.4 30 .0 4 1 .2
P/80 Shoots 22 .6 16.1 6 .0 15.4 12.0 2 6 .4
0 .39 ppm Roots 23 .7 16.5 21.6
K/20 Shoots 84.2 82.2 9 6 .8 98 .8 4 6 .1 4 3 .8
11.72 ppm Roots 53 .1 85 .2 68 .6
K/40 Shoots 6 8 .5 70.9 6 6 .0 73.8 4 0 .3 57.2
5 .86 ppm Roots 4 0 .6 4 4 .4 72.6
K/80 Shoots 62 .8 67.6 7 9 .4 72.1 69 .1 68.2
2 .9 3 ppm Roots 3 3 . è 5 9 .1 50 .1
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weeks f e s c u e .  The p e rc e n ta g e  o f  t i l l e r i n g  a l s o  was g e n e r ­
a l l y  low er i n  sp a n g le  g r a s s  th an  in  th e  o th e r  s p e c i e s .  
V i r g i n i a  w i ld  rye  had s l i g h t l y  b e t t e r  sh o o t  growth bu t p o o re r  
r o o t  grow th th a n  s i x  weeks fe s c u e .  S ix  weeks fe scu e  a t t a i n e d  
a l a r g e r  p e rc e n ta g e  o f  t i l l e r s  w ith  r e s p e c t  to  th e  c o n t r o l s  
th an  V i r g i n ia  w ild  ry e .  These r e s u l t s  su g g e s t  t h a t  sp a n g le  
g r a s s  has a s l i g h t l y  h ig h e r  re q u ire m e n t  f o r  phosphorus th an  
th e  o th e r  s p e c i e s .  The r e s u l t s  co n ce rn in g  th e  r e l a t i v e  
phosphorus re q u ire m e n ts  o f  s i x  weeks fe sc u e  and V i r g i n i a  w i ld  
ry e  a re  in c o n c lu s iv e .
The experim en t d id  n o t  dem o n s tra te  any ev idence  o f  
d i f f e r e n t i a l  req u ire m e n ts  f o r  p o tass ium  i n  th e  t h r e e  s p e c i e s .  
A lthough none of th e  s p e c ie s  i n  reduced  p o tass ium  s o l u t i o n s  
exceeded i t s  r e s p e c t iv e  c o n t r o l  i n  r o o t  and sh o o t  w e ig h ts  o r  
t i l l e r  c o u n ts ,  growth was b e t t e r  i n  some o f  th e  low er concen­
t r a t i o n s  th a n  i n  th e  h ig h e r  c o n c e n t r a t io n s .
On th e  b a s i s  o f  r e l a t i v e  s u r v i v a l  on v a r io u s  w a t e r ­
in g  s c h e d u le s ,  V i r g i n ia  w ild  ry e  ap pea red  to  have th e  h ig h e s t  
w a te r  re q u ire m e n t ,  sp a n g le  g r a s s  was i n te r m e d i a t e ,  and s i x  
weeks fe s c u e  had th e  low est  re q u ire m e n t  (T able  V I I ) .  T h is  
was p a r t i c u l a r l y  a p p a re n t  in  th e  group w a te red  e v e ry  20 d ays , 
bu t  s e v e r a l  V i r g i n ia  w i ld  ry e  p l a n t s  d ie d  on th e  12 day 
s c h e d u le .  T h is  experim en t was r e p e a te d  w i th  v i r t u a l l y  th e
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T ab le  V II .  R e la t iv e  s o i l  m o is tu re  re q u ire m e n ts  o f  th e  
he rb aceo u s  s p e c ie s  h av ing  th e  h i g h e s t  im portance  p e rc e n ta g e  




Number o f  
p o ts  o f  20 
p l a n t s  each
P e rce n tag e  o f  
i n d iv i d u a l s  
s u r v iv in g
Elymus v i r g i n i c u s
4 Day
2 100
F e s tu c a  o c t o f l o r a 2 100
Elymus v i r g i n i c u s 3 80
U n io la  l a t i f o l i a 12 Day 4 95
F e s tu c a  o c t o f l o r a 3 98
Elymus v i r g i n i c u s 4 39
U n io la  l a t i f o l i a 20 Day 3 47
F e s tu c a  o c t o f l o r a 4 68
31
same r e s u l t s .
Seed G erm in a tio n  S tu d ie s
Soaking  sp a n g le  g r a s s  seed s  f o r  two m inu tes  In  3% 
th i o u r e a  and th e n  a l lo w in g  th e  se ed s  t o  s t a n d  In  th e  v a p o rs  
f o r  24 h o u rs  b ro u g h t  a b o u t  a lm o s t  100% g e rm in a t io n  In  l e s s  
th a n  t e n  d a y s .  A v e ry  s l i g h t  Improvement In  g e rm in a t io n  was 
n o te d  a f t e r  a p p l i c a t i o n  o f  a g l b b e r e l l l c  a c id  s o l u t i o n .
DISCUSSION
R e s u l ts  o f  th e  v e g e t a t i o n a l  a n a ly s e s  showed t h a t  
D e v i ls  Canyon c o n ta in e d  more raesic  s p e c ie s  th a n  th e  o th e r  
a r e a s .  Howerton Canyon was i n te r m e d ia te  i n  t h i s  r e s p e c t  i n  
t h a t  none o f  th e  d i s j u n c t  h e rb a ce o u s  s p e c ie s  was found in  
t h i s  a r e a ,  and such  m esic  s p e c ie s  as b u r  oak (Q. m ac ro ca rp a ) 
and Shum ard 's r e d  oak (Q. s h u m a rd i i ) d id  n o t  o c cu r  i n  t h i s  
canyon. The g r e a t e r  abundance o f  re d  elm th a n  American elm 
i n  D e v i ls  Canyon and th e  r e v e r s e  s i t u a t i o n  i n  Howerton Can­
yon i s  a l s o  i n d i c a t i v e  o f  a  more m esic  s i t u a t i o n  i n  D e v i ls  
Canyon i n  t h a t  R ice (1961) found American elm to  be more 
abundan t on th e  d r i e r  s i t e s  and re d  elm to  be more abundant 
on th e  more m esic  s i t e s  i n  Oklahoma. The v e g e t a t i o n  o f  th e  
u p la n d  was d e f i n i t e l y  th e  most x e r i c  o f  th e  t h r e e  a r e a s .
B asa l  a r e a  p e r  a c re  was g r e a t e s t  i n  D e v i ls  Canyon, in te r m e ­
d i a t e  i n  Howerton Canyon, and lo w e s t  on th e  u p la n d  i n d i c a t i n g  
g r e a t e r  p ro d u c t io n  o f  p l a n t  m a t e r i a l  i n  th e  more m esic  a r e a s .
R e s u l ts  o f  th e  s o i l  and m ic r o c l im a t ic  s t u d i e s  su g ­
g e s t  s e v e r a l  re a so n s  why D e v i ls  Canyon s u p p o r t s  th e  most
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m esic  v e g e t a t i o n  and g r e a t e s t  b a s a l  a r e a  o f  th e  t h r e e  a r e a s .  
Organic ca rb o n , t o t a l  n i t r o g e n ,  t o t a l  ph osph o rus , and s o i l  
m o is tu re  were a l l  h ig h e s t  in  t h i s  a re a  and av e rag e  weekly 
maximum a i r  te m p e ra tu re s  were lo w e s t .  The in te r m e d ia te  
p o s i t i o n  o f  Howerton Canyon w i th  r e s p e c t  to  m esic  v e g e t a t i o n  
and b a s a l  a r e a  i s  p ro b ab ly  r e l a t e d  to  th e  in te r m e d ia te  
amounts o f  o rg a n ic  ca rb o n , t o t a l  n i t r o g e n ,  and s o i l  m o is tu re  
found in  t h i s  a r e a .  Average weekly maximum a i r  te m p e ra tu re s  
were a l s o  in te rm e d ia te  in  t h i s  a r e a .  E v a p o ra t io n  s t u d i e s  
d id  n o t  show any s i g n i f i c a n t  d i f f e r e n c e  i n  e v a p o ra t io n  o r  
i n s o l a t i o n  i n  th e  two canyons b u t e v a p o ra t io n  and i n s o l a t i o n  
were much g r e a t e r  on th e  u p lan d . Average l i g h t  i n t e n s i t y  
was found to  be h ig h e r  i n  Howerton Canyon th a n  i n  D ev ils  
Canyon i n  sp o t  checks w i th  Weston L ig h t  M e te rs .  In  a more 
e x te n s iv e  s tu d y  by Rice (1960) comparing D e v ils  Canyon w ith  
th e  u p la n d ,  average  d a i l y  maximum a i r  te m p e ra tu re s  were found 
t o  be 3° - 5° F lower i n  th e  canyon th a n  on th e  u p lan d  each 
w eek, e v a p o ra t io n  to  be 2 - 4 t im es as h ig h  on th e  u p lan d  as  
i n  th e  canyon each week, and average  d a i l y  a i r  movement was 
from 3 .5  - 15 tim es as h ig h  each week o u t s id e  th e  canyon as 
i n s i d e .
The f a c t  t h a t  s o i l  c o n d i t io n s  were more f a v o ra b le  i n  
t h e  canyons i s  p ro b ab ly  r e l a t e d  t o  th e  m ic r o c l im a t ic  a s p e c t s
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o f  th e  canyons. The low ered e n v iro n m e n ta l  s t r e s s e s  would 
cau se  such  f a c t o r s  as s o i l  m o is tu re  and o rg a n ic  m a t te r  to  be 
h i g h e r  w i th  c o n seq u en t  i n c r e a s e  i n  m in e ra ls  and g r e a t e r  
a v a i l a b i l i t y  o f  th e s e  m in e r a l s .  I t  ap p ea rs  t h a t  th e s e  co n ­
d i t i o n s  a r e  r e l a t e d  to  th e  a b i l i t y  o f  th e  a re a s  t o  su p p o r t  a 
more m esic  v e g e t a t i o n  and p roduce  g r e a t e r  b a s a l  a re a  th an  
th e  u p la n d .  I n  th e  Sydney d i s t r i c t  o f  A u s t r a l i a ,  Beadle 
(1954) found t h a t  w i th  d e c r e a s in g  s o i l  f e r t i l i t y ,  th e  number 
o f  s p e c ie s  d e c r e a s e s ,  th e  t r e e s  a re  s h o r t e r ,  and th e  canopy 
becomes more open. He conclud ed  t h a t  " . . .  th e  h ig h e r  th e  
p h o sp h a te  c o n te n t  o f  th e  s o i l ,  th e  more m esic  and t a l l e r  i s  
th e  v e g e t a t i o n . "
The f a v o r a b le  s o i l  c o n d i t io n s  and m ic ro c l im a te  i n  
Howerton Canyon make i t  r e a s o n a b le  to  assume t h a t  a t  l e a s t  
some o f  th e  d i s j u n c t  s p e c ie s  would have s u rv iv e d  in  t h i s  
canyon had th e y  e v e r  been p r e s e n t .  N o r r i s  (1951) s t a t e s  
t h a t  th e  canyons i n  t h i s  p o r t i o n  o f  Oklahoma were f i r s t  e x ­
c a v a te d  d u r in g  th e  P l e i s to c e n e  and have been f i l l e d  and r e ­
e x c a v a te d  s e v e r a l  t im es  s i n c e .  I t  i s  p ro b a b le  t h a t  th e  most 
r e c e n t  r e e x c a v a t io n  o f  Howerton Canyon o c c u r re d  su b seq u e n t  
t o  th e  l a t e s t  r e e x c a v a t io n  o f  D e v i ls  Canyon, and a f t e r  th e  
d i s j u n c t  s p e c ie s  had become e x t i n c t  on th e  u p la n d .  I f  s o ,  
such  s p e c i e s  would n o t  have been  a v a i l a b l e  f o r  th e  in v a s io n
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o f  Howerton Canyon a f t e r  i t s  most r e c e n t  r e e x c a v a t io n .
I n  c o n s id e r in g  th e  re a so n s  f o r  th e  d i s t r i b u t i o n  o f  
th e  h e rb a c e o u s  s p e c ie s  i n  th e  s tu d y  a r e a s ,  i t  a p p ea rs  t h a t  
th e  r e l a t i v e  r e q u i re m e n ts  f o r  w a te r  and n i t r o g e n  a re  o f  
g r e a t  im p o r ta n c e .  V i r g i n i a  w i ld  ry e  was found to  have th e  
g r e a t e s t  r e q u i r e m e n ts  f o r  th e s e  f a c t o r s ,  sp a n g le  g r a s s  was 
i n t e r m e d i a t e ,  and s i x  weeks fe sc u e  had th e  lo w e s t  r e q u i r e ­
m ents . M oreover, V i r g i n i a  w i ld  ry e  was th e  p redom inan t 
h e rb a ce o u s  s p e c i e s  i n  th e  a r e a  o f  h i g h e s t  s o i l  m o is tu re  and 
n i t r o g e n ,  sp a n g le  g r a s s  was p redom inan t i n  th e  a r e a  o f  i n ­
t e r m e d ia te  c o n te n t  o f  th e s e  f a c t o r s ,  and s i x  weeks f e s c u e  
was th e  p red om inan t s p e c i e s  on th e  u p la n d ,  th e  a r e a  o f  low­
e s t  s o i l  n i t r o g e n  and m o is tu r e .
I t  a p p e a rs  t h a t  r e l a t i v e  s o i l  phosphorus r e q u i r e ­
ments do n o t  p la y  a v e ry  im p o r ta n t  r o l e  i n  d e te rm in in g  th e  
d i s t r i b u t i o n  o f  h e rb a ce o u s  s p e c i e s  i n  th e  s tu d y  a r e a s .  The 
r e s u l t s  showed sp a n g le  g r a s s  to  have  th e  h i g h e s t  re q u ire m e n t  
f o r  t h i s  e le m e n t  w i th  s i x  weeks f e s c u e  and V i r g i n i a  w i ld  ry e  
h a v in g  a b o u t  th e  same r e q u i r e m e n t .  V i r g i n i a  w i ld  ry e  was 
th e  most im p o r ta n t  h e rb a c e o u s  s p e c i e s ,  how ever, i n  th e  a r e a  
w i th  th e  h i g h e s t  amount o f  t o t a l  ph o sp h o ru s . S pang le  g r a s s  
and s i x  weeks fe s c u e  were th e  p redom inan t h e rb a ce o u s  s p e c i e s  
i n  th e  a r e a s  w i th  s i m i l a r  amounts o f  t o t a l  p h o sp h o ru s .  T hese
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i n c o n s i s t e n c i e s  a re  n o t  s u r p r i s i n g  i n  t h a t  d i f f e r e n c e s  i n  
s o i l  p ho spha te  were n o t  g r e a t  i n  th e  t h r e e  a r e a s .
I t  i s  u n l i k e l y  t h a t  po tass iu m  p la y s  an im p o r ta n t  . 
r o l e  i n  d e te rm in in g  th e  d i s t r i b u t i o n  and o c c u rre n c e  o f  
n a t u r a l  v e g e t a t i o n  in  t h i s  p o r t i o n  o f  Oklahoma inasmuch as 
most o f  th e  sam ples a n a ly z e d  from t h i s  a r e a  by H arper  (1950) 
showed h ig h  amounts o f  p o ta s s iu m , as d id  th e  sam ples tak e n  
i n  t h i s  s tu d y .  M oreover, no c l e a r  c u t  d i f f e r e n c e s  i n  p o t a s ­
sium re q u ire m e n ts  were d e m o n s tra te d  f o r  th e  predom inan t 
h e rb a ce o u s  s p e c ie s  in  th e  s tu d y  a r e a s .
O ther  w orkers have a l s o  o b ta in e d  ev id en ce  t h a t  v a r i ­
a t i o n s  i n  s o i l  n i t r o g e n ,  ph o sp h o ru s , and m o is tu re  have a 
b e a r in g  on th e  p re se n c e  and im po rtan ce  o f  c e r t a i n  s p e c i e s .  
R ice e t  a l .  (1960) showed t h a t  p l a n t s  o c c u r r in g  in  d i f f e r e n t  
s t a g e s  o f  s u c c e s s io n  i n  abandoned f i e l d s  i n  Oklahoma had 
d i f f e r e n t  re q u ire m e n ts  f o r  n i t r o g e n  and p ho sp h o ru s . They 
a l s o  o b ta in e d  i n c o n s i s t e n t  r e s u l t s  w i th  p o tass iu m  n u t r i t i o n .
Evans (1960) showed by m in e ra l  n u t r i t i o n  ex p erim en ts  
t h a t  d i f f e r e n t i a l  a b i l i t y  to  compete f o r  n i t r o g e n  i n  t h r e e  
s p e c ie s  o f  th e  an n u a l  g r a s s l a n d  ty p e  i n  C a l i f o r n i a  c o r r e ­
l a t e d  w e l l  w i th  changes o b se rv ed  i n  th e  f i e l d  when v a r io u s  
amounts o f  n i t r o g e n  f e r t i l i z e r s  were added . I t  was ob se rv ed  
t h a t  F e s tu c a  m ega lu ra  d e c re a s e d  and Bromus m o l l i s  and
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Erodium b o try s  in c r e a s e d  i n  im portance  when n i t r o g e n  was 
added. Greenhouse experim en ts  showed d i f f e r e n t i a l  a b i l i t y  
to  ta k e  up and u t i l i z e  s o i l  n i t r o g e n  as th e  p r i n c i p a l  f a c t o r  
i n  c o m p e t i t io n  between th e  two g ra s s  s p e c i e s ,  bu t  sh ad ing  
was a l s o  im p o r ta n t  when E. b o t ry s  was grown w ith  th e  two 
g r a s s e s .  White (1961) found t h a t  th e  p resen ce  o f  l i t t l e  
b lueste ra  on c e r t a i n  x e r i c  a r e a s  was due to  i t s  a b i l i t y  to  
compete s u c c e s s f u l l y  th e r e  f o r  n i t r o g e n ,  phosphorus , and 
p o tass iu m  w ith  w e s te rn  w h ea tg rass  (Agropyron s m i t h i i ) . A 
s tu d y  by Weibank (1961) showed r o o t  c o m p e t i t io n  f o r  w a te r  to  
be g r e a t e r  th an  f o r  n i t r o g e n  in  Agropyron r e p e n s . T h is  i s  
i n t e r e s t i n g  i n  t h a t  th e  most d e f i n i t e  c o r r e l a t i o n  in  th e  
p r e s e n t  s tu d y  between th e  p re sen c e  o f  th e  p redom inant h e r b ­
aceous s p e c ie s  i n  th e  t h r e e  s tu d y  a re a s  and s o i l  c o n d i t io n s  
was w i th  th e  f a c t o r  o f s o i l  w a te r .  A nother s tu d y  r e l a t i n g  
th e  o c c u rre n c e  o f  c e r t a i n  s p e c ie s  to  v a r i a t i o n s  i n  s o i l  
m o is tu re  was made by l& je lle r  and Weaver (1942). Dominant 
s p e c ie s  o f  the  t r u e  and mixed p r a i r i e  were a r ra n g ed  a c c o rd in g  
to  d e c re a s in g  d rough t r e s i s t a n c e  by f i e l d  o b s e rv a t io n s  and 
a c t u a l  e x p e r im e n ts .
An i n v e s t i g a t i o n  by Beadle (1953, 1954) i n d i c a t e d  
t h a t  th e  d e l i m i t a t i o n  o f  p l a n t  comm unities i n  th e  Sydney d i s ­
t r i c t  o f  A u s t r a l i a  i s  p r im a r i ly  c o n t r o l l e d  by s o i l  f e r t i l i t y ,
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and s o i l  phosp ha te  i s  th e  f a c t o r  e x e r t in g  th e  g r e a t e s t  i n ­
f lu e n c e .  The absence  o f  th e  s p e c ie s  w i th  a low re q u ire m e n t  
f o r  th e  e lem ent on th e  more f e r t i l e  s o i l s  i s  e x p la in e d  on 
th e  b a s i s  o f  t h e i r  i n a b i l i t y  to  compete w ith  th e  more v i g o r ­
ous s p e c ie s  n a t i v e  to  th e s e  s o i l s .  B i l l i n g s  (1950) found 
t h a t  s o i l s  u n d e r  p a tc h e s  o f  y e llo w  p in e  ( Pinus p o n d e ro sa ) 
and P inus j e f f r e y i  i n  th e  p re d o m in an tly  sa g e b ru s h -p in y o n -  
j u n i p e r  zones t o  th e  e a s t  o f  th e  S i e r r a  Nevadas showed g ro ss  
m in e ra l  d e f i c i e n c i e s  and h ig h  a c i d i t y  as compared w i th  th e  
su r ro u n d in g  a r e a s .  These p a tc h e s  were on l i g h t  c o lo re d  
s o i l s  d e r iv e d  from th e  w e a th e r in g  p ro d u c ts  o f  h y d ro th e rm a l ly  
a l t e r e d  igneous r o c k s . I t  was found t h a t  to b acco  and tom ato 
p l a n t s  d id  n o t  grow in  s o i l s  from th e s e  a re a s  w i th  o n ly  d i s ­
t i l l e d  w a te r  added b u t m atu red  and f lo w ered  a f t e r  a d d i t i o n s  
o f  n i t r o g e n  and phosphorus . I t  was concluded  t h a t  th e  p in e  
s ta n d s  a r e  r e l i c t s  which have  rem ained  because  o f  th e  i n ­
a b i l i t y  o f  th e  sa g eb ru sh  zone dom inants to  invade  th e s e  m in­
e r a l  d e f i c i e n t  s o i l s .
SUMMARY
1. The a r b o r e s c e n t  s p e c i e s ,  s h ru b s ,  woody v i n e s ,  
and h e rb a ce o u s  s p e c ie s  were sam pled i n  t h r e e  r e l a t i v e l y  u n ­
d i s t u r b e d  a re a s  i n  w e s t  c e n t r a l  Oklahoma. Two o f  th e s e  
a r e a s  were canyons. D e v i ls  and Howerton. These canyons were 
found to  s u p p o r t  m esic  f o r e s t  v e g e t a t i o n  in  marked c o n t r a s t  
to  th e  savannah  and p r a i r i e  v e g e t a t i o n  found t y p i c a l l y  in  
t h i s  p o r t i o n  o f  Oklahoma. The t h i r d  s tu d y  a r e a  was a 
savannah u p lan d  lo c a te d  i n  th e  v i c i n i t y  o f  D e v i ls  Canyon.
2 . The most m esic  s p e c i e s  o f  th e  t h r e e  a r e a s  were 
found i n  D e v i ls  Canyon, and s e v e r a l  o f  th e  s p e c ie s  were d i s ­
j u n c t  from th e  E a s t .  The dom inant s p e c i e s  i n  D e v i ls  Canyon 
were s u g a r  maple and r e d  elm. Howerton Canyon c o n ta in e d  
none o f  th e  d i s j u n c t s ,  su p p o r te d  few er m esic  s p e c i e s ,  and 
had  l e s s  b a s a l  a r e a  th a n  D e v i ls  Canyon. The dom inant s p e c ie s  
i n  Howerton Canyon was b lac k  w a ln u t .  The s p e c ie s  on th e  u p ­
lan d  were more x e r i c  th a n  th o s e  i n  e i t h e r  canyon, th e  a r b o ­
r e s c e n t  s p e c ie s  c o n s i s t i n g  a lm o s t  e n t i r e l y  o f  b la c k ja c k  oak 
and re d  c e d a r .
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3. S o i l  a n a ly s e s  and m ic r o c l im a t ic  s t u d i e s  were 
made in  th e  t h r e e  a r e a s  i n  an e f f o r t  t o  e x p la in  th e  re a so n s  
f o r  th e  d i f f e r e n c e s  i n  v e g e t a t i o n .  The s o i l  a n a ly s e s  showed 
D e v ils  Canyon to  be h i g h e s t  i n  o rg a n ic  c a rb o n ,  t o t a l  n i t r o ­
g en ,  t o t a l  ph osp ho rus , and s o i l  m o is tu r e .  Howerton Canyon 
was in te r m e d ia t e  i n  amounts o f  a l l  o f  th e s e  f a c t o r s  ex cep t  
ph o sp h o ru s , and th e  u p lan d  was th e  most d e f i c i e n t  e x c e p t  f o r  
p h o sp h o ru s ,  which was v i r t u a l l y  th e  same as i n  Howerton 
Canyon. D i f f e r e n c e s  i n  ex ch an g eab le  p o ta s s iu m , s o i l  t e x t u r e ,  
and s o i l  r e a c t i o n  were n o t  s i g n i f i c a n t  i n  th e  t h r e e  a r e a s .  
M ic ro c l im a t ic  com parisons showed av e rag e  d a i l y  maximum tem­
p e r a t u r e s  to  be lo w es t  i n  D e v i ls  Canyon, i n te r m e d ia t e  in  
Howerton Canyon, and h i g h e s t  on th e  u p la n d .  D i f f e r e n c e s  i n  
e v a p o r a t io n  and i n s o l a t i o n  were n o t  g r e a t  i n  th e  two canyons 
b u t  were abou t t h r e e  t im es as g r e a t  on th e  u p la n d  as  i n  
e i t h e r  canyon.
4 . The p re se n c e  o f  th e  more m esic  s p e c ie s  and 
g r e a t e r  b a s a l  a r e a  found i n  D e v i ls  Canyon a r e  p ro b a b ly  r e ­
l a t e d  to  th e  more f a v o ra b le  s o i l  and m ic r o c l im a t ic  c o n d i ­
t i o n s  found in  t h i s  canyon. The l e s s  m esic  v e g e t a t i o n  found 
i n  Howerton Canyon i s  a s s o c i a t e d  w i th  somewhat l e s s  f a v o r ­
a b le  s o i l  and m ic r o c l im a t ic  c o n d i t i o n s ,  a l th o u g h  th e  absence  
o f  th e  d i s j u n c t  s p e c ie s  c o u ld  be a r e s u l t  o f  a  more r e c e n t
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r e e x c a v a t io n  o f  t h i s  canyon su b seq u en t  to  th e  tim e when th e  
s p e c ie s  were p r e s e n t  on th e  u p la n d .  The u p lan d  su p p o r te d  
th e  most x e r i c  s p e c i e s ,  produced l e s s  b a s a l  a r e a ,  and showed 
th e  p o o r e s t  s o i l  c o n d i t io n s  and th e  most se v e re  m ic ro c l im a te  
o f  th e  t h r e e  a r e a s .
5. C o n t ro l le d  g reenhouse  exp erim en ts  i n d i c a t e d  t h a t  
V i r g i n i a  w i ld  r y e ,  the  p redom inan t herbaceo us  s p e c ie s  from 
th e  a r e a  o f  h ig h e s t  s o i l  n i t r o g e n  and m o is tu re  (D ev ils  Can­
y o n ) ,  had th e  h i g h e s t  re q u ire m e n t  f o r  th e s e  two f a c t o r s .  The 
p redom inan t he rb aceou s  s p e c ie s  in  Howerton Canyon, sp a n g le  
g r a s s ,  was in te r m e d ia te  i n  i t s  re q u ire m e n t  f o r  s o i l  n i t r o g e n  
and s o i l  m o is tu re  and amounts o f  th e s e  f a c t o r s  were in te rm e ­
d i a t e  i n  Howerton Canyon. S ix  weeks fe sc u e  had th e  low est  
r e q u ire m e n ts  f o r  s o i l  n i t r o g e n  and s o i l  m o is tu re  and was th e  
p redom inan t he rbaceous  s p e c ie s  i n  th e  a r e a  w ith  th e  low est  
amounts o f  th e s e  m a t e r i a l s .  S tu d ie s  c o n ce rn in g  th e  r e l a t i v e  
re q u ire m e n t  o f  th e s e  s p e c ie s  f o r  p o tass iu m  and phosphorus were 
i n c o n c lu s iv e .  Thus, i t  ap p ea rs  t h a t  s o i l  n i t r o g e n  and s o i l  
m o is tu re  e x e r t  g r e a t  i n f lu e n c e  i n  d e te rm in in g  th e  p re sen c e  
and abundance o f  th e  p redom inan t h e rb aceo u s  s p e c ie s  i n  th e  
t h r e e  s tu d y  a r e a s .
6 . Seed g e rm in a t io n  s t u d i e s  showed t h a t  t r e a t i n g  
sp a n g le  g r a s s  seeds  w i th  a  3% s o l u t i o n  o f  th io u r e a  g r e a t l y  
improved g e rm in a t io n .
LITERATURE CITED
B ead le , N. C, W, 1953. The ed aph ic  f a c t o r  i n  eco logy . 
E cology 34: 426-428.
B ead le ,  N. C. W. 1954. S o i l  phosp ha te  and th e  d e l i m i t a t i o n  
o f  p l a n t  communities i n  e a s t e r n  A u s t r a l i a .  Ecology 
35: 370-375.
B i l l i n g s ,  W. D. 1950. V e g e ta t io n  and p l a n t  growth as
a f f e c t e d  by c h e m ic a l ly  a l t e r e d  ro ck s  in  th e  w e s te rn  
g r e a t  b a s in .  Ecology 31: 62-74 .
Blackman, G. E . , and A. J .  R u t te r .  1950. P h y s io lo g ic a l  and 
e c o l o g i c a l  s t u d i e s  i n  th e  a n a l y s i s  o f  p l a n t  e n v i r o n ­
m ent. V. An asse ssm en t o f  th e  f a c t o r s  c o n t r o l l i n g  
th e  d i s t r i b u t i o n  o f  th e  b l u e b e l l  (S c i l l a  non- 
s c r i p t a ) i n  d i f f e r e n t  com m unities . Ann. Bot. 14: 
487-520 .
Bouyoucous, G. J .  1936. D i r e c t io n s  f o r  making m ech an ica l  
a n a ly s e s  o f  s o i l s  by th e  h y d ro m ete r  method. S o i l  
S c i .  42 : 225-230.
42
43
C a n f ie ld ,  R. H. 1941. A p p l i c a t io n  o f  th e  l i n e  i n t e r c e p t  
method i n  sam p lin g  ran g e  v e g e t a t i o n .  J .  F o r e s t r y  
39: 388-394.
C o a ld ra k e ,  J .  E . , and K. P. Haydock. 1958. S o i l  p h o sp h a te  
and v e g e t a l  p a t t e r n  i n  some n a t u r a l  com m unities o f  
s o u t h e a s t e r n  Q ueensland , A u s t r a l i a .  Ecology 39:
1 -5 .
Cottam , G. ,  and J .  T. C u r t i s .  1956. The u se  o f  d i s t a n c e
m easures  i n  p h y t o s o c io l o g i c a l  sam p lin g . E cology  37: 
451-460 .
E vans, R. A. 1960. D i f f e r e n t i a l  r e s p o n se s  o f  t h r e e  s p e c ie s  
o f  th e  a n n u a l  g r a s s l a n d  ty p e  to  p l a n t  c o m p e t i t io n  
and m in e ra l  n u t r i t i o n .  E cology 41 : 305-310.
F r i t t s ,  N. C. 1959. The r e l a t i o n  o f  r a d i a l  grow th  to  m ax i­
mum and minimum te m p e ra tu re s  i n  t h r e e  t r e e  s p e c i e s .  
E cology  40 : 261-265.
H a rp e r ,  H. J .  1950. P o tass iu m  i n  Oklahoma s o i l s :  and c ro p  
re s p o n s e  to  p o ta s h  f e r t i l i z e r .  O kla . Agr. Exp. S ta .  
B u l l .  B-346.
I r e l a n d ,  U. A. 1960. (P e r s o n a l  com m unication)
Lyon, T. L . , and H. 0. Buckman. 1948. The N a tu re  and P ro p ­
e r t y  o f  S o i l s .  F o u r th  E d i t i o n .  The M acm illan  C o . ,  
New York, p. 48 .
44
M ise r ,  H. D. 1954. G eo log ic  map o f  Oklahoma. U. S. G eol. 
Survey and Okla. G eol. Survey .
M u e l le r ,  I .  M ., and J .  E. Weaver. 1942. R e la t i v e  d ro u g h t
r e s i s t a n c e  o f  s e e d l in g s  o f  dom inant p r a i r i e  g r a s s e s .  
Ecology 23: 387-398.
N oggle , G. R . , and F. L. Wynd. 1941. The d e te r m in a t io n  o f 
s e l e c t e d  chem ica l  c h a r a c t e r i s t i c s  o f  s o i l  which 
a f f e c t  th e  growth and c o m p o s it io n  o f  p l a n t s .  P la n t  
P h y s io l .  16: 46.
N o r r i s ,  R. P. 1951. The o r i g i n  and s e d im e n ta t io n  o f  W ilson 
Canyon, Caddo County, Oklahoma. M a s t e r ' s  T h e s i s ,  
U n i v e r s i t y  o f  K ansas.
Peech , M ., and L. E n g l i s h .  1944. Rapid m ic ro ch em ica l  s o i l  
t e s t s .  S o i l  S c i .  57: 167-195.
P ip e r ,  C. S. 1944. S o i l  and p l a n t  a n a l y s i s .  New York: 
I n t e r s c i e n c e  P u b l i s h e r s ,  In c .  368 pp.
R ic e ,  E. L . , and W. T. Penfound. 1959. The u p la n d  f o r e s t s  
o f  Oklahoma. E cology 40 : 593-608.
R ice ,  E. L . , W. T. Penfound, and L. M. Rohrbaugh. 1960.
Seed d i s p e r s a l  and m in e ra l  n u t r i t i o n  i n  s u c c e s s io n  
i n  abandoned f i e l d s  i n  c e n t r a l  Oklahoma. E cology  
41: 224-228 .
45
R ice ,  E, L. 1960. The m ic ro c l im a te  o f  a r e l i c t  s t a n d  o f  
su g a r  maple i n  D e v i ls  Canyon in  Canadian County, 
Oklahoma. Ecology 41: 445-453.
R ice ,  E. L. 1961. (P e rso n a l  communication)
R u s s e l l ,  E. J .  1958. S o i l  C o n d itio n s  and P la n t  Growth.
(E igh th  e d i t i o n )  Longman's Green and C o ., London, 
p. 543.
S e a rs ,  P. B. 1932. The a rc h ae o lo g y  o f  env ironm ent in  North 
America. Am. A nthrop . 34: 610-622.
S e a r s ,  P. B. 1933. C l im a t ic  change as a f a c t o r  i n  f o r e s t  
s u c c e s s io n .  J .  F o r e s t r y  31: 931-942.
S h e l to n ,  W. R . , and H. J .  H arp er .  1941. A r a p id  method f o r  
th e  d e te r m in a t io n  o f  t o t a l  phosphorus i n  s o i l  and 
p l a n t  m a t e r i a l .  Iowa S ta te  Col. J .  S c i .  15: 403-413. 
S n ed eco r ,  G. W. 1946. S t a t i s t i c a l  Methods. F o u r th  E d i t i o n .
The C o l l e g i a t e  P r e s s ,  I n c . ,  Ames, Iowa.
W alker, R. B. 1954. The eco log y  o f  s e r p e n t in e  s o i l s .  I I .
F a c to r s  a f f e c t i n g  p l a n t  growth on s e r p e n t i n e  s o i l s .  
Ecology 35: 259-266.
W a t e r f a l l ,  U. T. 1960. Keys to  th e  F lo r a  o f  Oklahoma. Dept, 
o f  Botany and th e  R esearch  F o u n d a tio n ,  Okla. S t a t e  
U n i v . , S t i l l w a t e r .
46
Welbank, P. J .  1961. A s tu d y  o f  th e  n i t r o g e n  and w a te r  
f a c t o r s  i n  c o m p e t i t io n  w i th  Agropyron rep en s  (L .)  
Beauv. Ann. Bot. N.S. 2 5 (9 8 ) :  116-137.
W hite , E. M. 1961. A p o s s ib l e  r e l a t i o n s h i p  o f  L i t t l e  B lue- 
stern d i s t r i b u t i o n  to  s o i l s .  J .  Range Management 14 
243-247.
W olfe , J .  N . , R. T. Wareham, and H. T. S c o f i e l d .  1949.
M ic ro c l im a te s  and m ac ro c lim a te  o f  Neotoma, a sm a ll  
v a l l e y  i n  c e n t r a l  Ohio. Ohio B io l .  Survey B u l l .  41 
1-267.
